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F.  G.  MERKLE* 
Pennsylvania  Agricultural  Experiment  Station 
Received  for  publication  August  3,  1933 

The  field  experiments  of  many  experiment  stations,  notably  Rothamsted, 
Woburn,  Rhode  Island,  Pennsylvania,  Ohio,  Massachusetts,  and  New  Jersey, 
are  replete  with  examples  of  secondary  or  after  effects  of  the  long  continued 
use  of  certain  fertilizers  upon  the  sQil.  These  secondary  effects  of  a  fertilizer 
may  be  beneficial  or  detrimental  and  may  manifest  themselves  in  many  dif- 
erent  ways.  The  specific  feature  to  be  considered  here  is  the  possible  effect 
upon  the  relative  amounts  of  the  various  exchangeable  cations  held  by  the 
soil  colloidal  matter. 

Numerous  workers  (3, 4,  7, 17, 18, 19,  21,  23, 30, 31,  33, 35, 36,  40,  41,  42,  43, 
44, 45, 46, 47, 48,  52,  53,  54)  have  reported  direct  or  indirect  evidence  that  the 
long  continued  use  of  a  given  fertilizer  on  the  same  plot  of  soil  brings  about  an 
alteration  in  the  relative  amounts  of  the  various  so-called  replaceable  ions. 
For  the  sake  of  brevity  their  findings  will  not  be  discussed  here. 

EXPERIMENTAL 

The  purpose,  plan,  and  results  of  this  field  experiment  are  set  forth  in  a 
series  of  reports  and  bulletins  (39),  therefore  only  a  brief  outline  will  be  given 
here.  Four  tiers,  of  36  plots  each  accommodate  the  rotation,  which  consists 
of  corn,  oats,  wheat,  timothy  and  clover.  Corresponding  plots  in  each  tier  are 
fertilized  alike.  The  fertilizers  are  applied  to  the  corn  and  wheat,  as  given  in 
the  summary  table  appended.  In  the  original  plan  only  t;hree  plotjS  in  each 
tier  received  lime — either  aJone  or  with  manure.  Manure  and  2  tons  burnt 
lime  are  applied  to  corn  only  on  plot  22,  and  2  tons  burnt  lime  alone,  on  plot  23. 
Plot  34  receives  2  tons  of  ground  limestone  on  the  corn  and  wheat. 

In  1921,  40  years  after  the  experiment  was  started,  it  was  decided  to  lime 
tiers  2  and  4  according  to  the  individual  requirement  of  each  plot.  Tier  1 
and  3  remained  unlimed  with  the  exception  of  those  plots  previously  mentioned. 

Nearly  all  plots  of  tier  1,  which  perhaps  is  the  most  uniform  in  soil  characters, 
were  sampled  in  1927,  others  in  1931,  and  still  others  in  1932.    It  became 

*  Publication  authorized  by  the  Director  of  the  Pennsylvania  Agricultural  Experiment 
Station  July  21, 1933,  as  Technical  Paper  No.  599. 

*  This  investigation  was  carried  out  under  the  direction  of  Dr.  J.  A.  Bizzell.  The  author 
takes  this  opportunity  to  express  his  appreciation  and  gratitude  for  the  help  extended  during 
the  prosecution  of  this  work  and  for  reviewing  the  manuscript. 
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apparent  that  plots  1  to  7  in  tier  1  lacked  uniformity;  therefore,  in  1932  plots 
1  2  3  4,  and  8  in  tier  3,  also  unlimed,  were  sampled  and  were  found  to  be  very 
homogenous.  It  was  assumed  that  the  liming  of  tiers  2  and  4  would  mask  the 
chief  effects  of  fertilizers  as  it  did  at  Rothamstead  and  at  Ohio.  Therefore, 
only  four  plots  in  tier  2,  the  ones  most  acid  before  liming,  were  sampled.  Since 
yields  had  indicated  that  liming  had  completely  restored  the  fertility  on  these 
acid  plots,  it  was  decided  to  see  whether  there  was  any  fundamental  difference 
in  the  exchange  base  content  other  than  calcium. 

The  composite  sample  from  each  plot  consisted  of  12  borings  equally  dis- 
tributed over  the  area.  These  were  air  dried,  passed  through  a  1  mm.  sieve, 
and  stored  in  covered  containers.  For  the  determination  of  exchange  base 
content  50  or  100  gm.  of  this  air-dry  soil  were  treated  with  1  liter  of  neutral 
ammonium  acetate.  The  advantages  of  this  reagent  for  base  exchange  work 
have  been  clearly  brought  out  by  Schollenberger  (46, 48). 

Instead  of  the  percolation  method  as  outlined  by  Schollenberger  the  soil 
was  shaken  with  successive  small  portions  of  ammonium  acetate,  allowed  to 
settle,  and  the  supernatant  clear  liquid  poured  on  a  filter.  Finally  the  entire 
sample  was  transferred  to  the  filter  and  leached  with  more  reagent.  Tests  for 
calcium  and  pH  showed  that  removal  of  these  ions  was  complete. 

Exchangeable  hydrogen  was,  at  first,  determined  by  titrating  the  ammonium 
acetate  filtrate  potentiometrically  with  0.1  N  NH4OH  to  pH  7.00.  This 
method  was  used  on  about  two-thirds  of  the  samples.  The  results  obtained 
by  this  method  seemed  high  in  many  cases.  Several  soils  which  were  definitely 
alkaline  contained  considerable  exchange  H  by  this  method. 

As  the  work  progressed  the  advantage  of  direct  titration  seemed  apparent 
(7,  10,  14,  15  22,  44,  49)  It  was  tried  and  the  following  procedure  adopted. 
Five  5-gm.  samples  of  soil  were  placed  in  small  vials  (25  x  80  mm.) .  To  a  total 
volume  of  10  ml.  of  liquid,  0,  2,  4,  6,  or  8  m.e.  of  Ba  (0H)2  per  100  gm.  of  soil 
were  added.  The  contents  were  very  thoroughly  stirred  with  a  rod;  then  the 
vials  were  stoppered  and  allowed  72  hours  to  come  to  equilibrium.  The  hydro- 
gen-ion concentration  of  the  contents  of  each  vial  was  determined  potentio- 
metrically. The  H-ion  concentrations  were  plotted  against  base  added,  and, 
from  the  curve  obtained,  the  base  required  to  bring  the  soil  to  pH  7  was  deter- 
mined. This  was  taken  as  the  exchangeable  hydrogen.  The  question  arose 
whether  one  should  use  pH  7  or  some  higher  value,  pH  8  or  8.5,  as  the  equi- 
librium value. 

If  the  potentiometric  and  conductometric  titrat:ons  of  the  Putnam  clay  sol 
of  Baver  (8)  are  examined  it  is  apparent  the  reaction  between  the  H-sol  and 
the  base  is  not  instantaneous.  To  neutralize  his  H-sol  immediately,  57  m.e. 
of  base  were  required  whereas  after  3  months  60  or  62  m.e.  apparently  were 
required.  When  hydroxides  of  lithium,  sodium  potassium,  calcium,  and  mag- 
nesium were  added  to  equal  quantities  of  sol  at  the  rate  of  57  m.e.  per  100  gm. 
colloid,  he  obtained  values  below  pH  7.00  in  all  cases,  the  lithium  and  sodium 
producing  pH  values  close  to  7.00,  whereas  potassium,  calcium,  and  magnesium 
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gave  the  values  6.50,  5.95,  and  6.19  respectively.  If  he  had  used  60  or  62  m.e. 
as  the  total  exchange  capacity  per  100  gm.  of  colloid  and  allowed  a  longer 
time  for  the  establishment  of  equilibrium,  he  would  doubtless  have  obtained 
values  above  7.00  for  the  lithium  and  sodium  clays  but  very  little  above  7.00 
for  calcium  and  magnesium  clay.  Aarnio  (1)  produced  single  base  clays  by 
leaching  with  chlorides  and  found  them  to  have  the  following  pH  values  when 
all  excess  chloride  was  removed:  Li  7.43,  Na  7.20,  K  7.02,  Rb  6.60,  Ca  7.77, 


^7  6  S  H-  3 

A1illie<iuiveLl^nts       Ba^fOH)^     Added. 

Fig.  1.  Typical  Titration  Curves 

I.  Plot    5,  0.30  m.e.  exchange  H 

II.  Plot  14,  1.90  m.e.  exchange  H 

III.  Plot  15,  3.75  m.e.  exchange  H 

IV.  Plot  30,  6.60  m.e.  exchange  H 
V.  Plot  31,  8.10  m.e.  exchange  H 

Mg  7.22,  Ba  7.15.  When  a  pure  H-sol  is  titrated  with  base  there  is  generally 
a  break  in  the  curve  at  neutralization,  but  when  a  natural  soil  containing 
bases  as  well  as  hydrogen  is  titrated  no  break  is  discernible.  It  is  necessary, 
therefore,  to  choose  some  definite  pH  value  as  the  neutralization  point.  Con- 
sidering that  the  chief  bases  in  the  titrated  residue  are  calcium,  magnesium, 
and  barium  and  that  all  of  these  have  comparatively  low  solution  pressures,  it 
seemed  best  to  choose  the  value  7.00,  which  is  the  one  used  by  Bradfield  (10) 
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when  Ba(0H)2  is  used.    Possibly  a  value  of  7.5  might  have  been  justified. 
A  few  typical  titration  curves  are  shown  in  figure  1 .     Similar  curves  were  made 

for  all  samples.  j ..    .    n     -i  u     • 

When  this  direct  titration  method  was  used  it  was  found  that  all  soils  having 
pH  values  above  7.00  contained  no  exchange  hydrogen,  whereas,  as  previously 
mentioned,  ammonium  acetate  gave  exchange  H  in  soils  which  were  definitely 
alkaline  Some  idea  of  the  comparative  value  of  the  two  methods  may  be 
gained  by  plotting  the  pH  value  of  the  soils  with  the  degree  of  saturation. 
The  degree  of  saturation  (lOO-H/T)  was  calculated  for  each  method.  This 
comparison  is  shown  in  figures  2  and  3.  It  is  clear  that  for  the  soil  samples  m 
question  a  pH  value  of  7.00  represents  100  percent  saturation  when  theexchange 
hydrogen  is  measured  by  direct  potentiometric  titration  and  75  to  80  per  cent 
saturation  when  the  exchange  H  is  determined  by  titrating  the  ammonium 
acetate  filtrate  potentiometrically.  Accordingly  the  direct  titration  method 
was  adopted,  and  all  calculations  in  the  tables  are  based  on  it. 

The  hydrogen-ion  concentration  was  determined  with  the  quinhydrone  elec- 
trode on  the  1:2  soil— water  suspension  after  the  soil  and  water  had  been 
allowed  72  hours  to  come  to  equilibrium. 

DETERMINATION  OF  BASES  IN  THE  EXTRACT 

The  ammonium  acetate  extract  was  evaporated  on  the  steam  bath  with  a 
few  drops  of  nitric  acid.  The  residue  was  digested  once  or  twice  with  5  ml.  of 
aqua  regia,  for  several  hours  in  a  covered  beaker,  the  amount  and  time  depend- 
ing on  the  quantity  of  organic  matter.  Following  this  it  was  dehydrated  twice 
with  hydrochloric  acid,  and  the  chlorides  were  filtered  from  the  silica.  Alumina 
and  iron  were  removed  as  hydroxides  but  were  not  determined. 

Calcium  was  precipitated  in  the  warm  solution  containing  ammonium  chlo- 
ride with  an  excess  of  saturated  ammonium  oxalate  and  estimated  by  titration 
with  potassium  permanganate. 

The  filtrate  from  the  calcium  determination  was  evaporated  to  dryness  in  a 
pyrex  beaker,  dried  in  the  oven,  and  gently  ignited  in  the  beaker  until  all 
ammonium  salts  were  volatUized.  The  residue  was  taken  up  with  hydrochloric 
acid  (1  +  4),  digested  a  short  time  with  20-30  ml.  of  water,  and  filtered.  The 
filtrate  was  made  up  to  a  definite  volume.  One-fourth  was  taken  for  the  deter- 
mination of  potassium,  one-fourth  for  sodium,  and  one-half  for  magnesium. 

Magnesium  was  precipited  as  the  phosphate  and  ignited. 

Potassium  was  precipitated  as  the  cobalt  nitrite  and  determined  volumetri- 
cally  by  titration  with  permanganate  (34). 

Sodium  was  precipitated  as  uranyl-zinc-sodium-acetate,  dried,  and  weighed 

(6,  11).  ^^       .. 

Exchange  ammonium  was  removed  by  leaching  with  0.1  iV  HCl.    The  acia 

extract  was  made  slightly  alkaline  with  sodium  hydroxide  and  ammonia  dis- 
tilled into  standard  acid. 
When  the  work  was  started  it  was  thought  that  only  the  limed  plots  con- 


tained any  carbonates.  When  this  was  investigated  it  was  found  that  all  plots, 
even  the  most  acid  ones,  contained  carbonate  and  that  ammonium  acetate 
removed  a  part  of  the  calcium  and  magnesium  in  that  form.  Therefore,  car- 
bonates were  determined  on  all  samples,  before  and  after  leaching  with  ammo- 
nium acetate,  and  the  difference  was  subtracted  from  the  total  calcium  in  the 
acetate  extract.  The  latter  figure  was  taken  as  the  true  exchangeable  calcium, 
although  it  is  doubtless  true  that  a  small  part  of  the  carbonate  removed  was 
present  as  magnesium  carbonate. 

DISCUSSION  OF  RESULTS 

The  analytical  data  are  given  in  a  single  table  in  the  appendix,  together  with 
the  treatments  and  year  of  sampling.    In  order  to  bring  out  the  outstanding 

TABLE  1 

Soil  variation  as  shown  by  differences  in  check  plots — Tier  1 

(Exchangeable  bases  in  m.e.  per  100  gm.  soil) 


Year  sampled 

Total  Ca  extracted 

Exchange  Ca 

Mg 

K 

Na 

NH4 

H 

Total  exchange  capacity 
Saturation,  per  cent .  .  .  . 

pH 

Carbonates 


PLOT  1 

PLOT  8 

PLOT  14 

PLOT  24 

PLOT  36 

1931 

1931 

1931 

1931 

1927 

3.98 

5.00 

4.60 

3.27 

4.84 

3.98 

4.50 

3.85 

1.82 

3.84 

0.99 

1.49 

0.57 

0.49 

0.86 

0.31 

0.25 

0.32 

0.29 

0.29 

0.12 

0.11 

0.09 

0.05 

0.12 

0.04 

0.04 

0.03 

0.07 

0.12 

1.65 

1.00 

1.90 

4.00 

2.60 

7.09 

7.39 

6.76 

6.72 

7.83 

76.7 

86.5 

71.9 

40.5 

66.8 

6.6 

6.8 

6.6 

6.0 

6.2 

1.25 

2.20 

2.05 

2.00 

1.85 

AVERAGE 


4.34 
4.00 
0.88 
0.29 
0.10 
0.06 
2.23 

7.15 
68.5 


effects,  plots  will  be  grouped  side  by  side,  those  lying  close  to  one  another  and 
m  every  way  comparable  being  chosen  for  comparisons. 

Soil  variation  as  shown  by  differences  in  check  plots.  Plots  1,  8, 14,  24,  and  36 
receive  no  fertilizer,  manure,  or  lime.  They  may  be  compared  to  bring  out  the 
soil  variation  from  one  end  of  the  field  to  the  other  (table  1).  The  soil  is  not 
homogenous  because  of  variations  in  thickness  and  density  of  the  strata  of 
limestone,  which  are  tijt^d.  An  exposure  occurs  on  plot  8  and  accounts  for 
the  large  quantity  of  calcium  and  magnesium  on  this  plot.  Plots  3,  5,  6  and 
especially  plot  4,  also  have  areas  which  are  very  close  to  the  decomposing  lime- 
stone. In  general  the  results  of  these  plots  in  tier  1  will  not  be  used  in  com- 
parisons but  are  reported  as  a  matter  of  record.  The  acidity  increases  in  plots 
14  and  24  but  decreases  again  in  plot  36,  which  adjoins  a  farm  road  formerly 
surfaced  with  crushed  limestone,  the  dust  of  which  has  blown  on  the  plot. 
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The  magnesium  content  paraUels  the  calcium  content  and  is  a  fair  indication 
of  the  nearness  to  bed  rock.  The  rock  contains  varying  amounts  of  magne- 
sium carbonate. 

The  potassium,  sodium,  and  ammonium  contents  of  the  five  check  plots 
show  no  consistent  variation  from  one  end  of  the  tier  to  the  other. 

The  exchangeable  hydrogen,  pH,  and  degree  of  saturation  are  governed  by 

the  calcium  and  magnesium. 

These  check  plots  are  well  supplied  with  calcium  and  have  an  average  pH 
value  of  about  6.50.  Their  yields  have  been  poor  due  to  lack  of  available 
phosphorus  and  possibly  potassium  rather  than  of  available  calcium  and 
magnesium. 

TABLE  2 

Soil  variation  as  shown  by  diferences  in  grass  strips  bordering  check  plots— Tier  1 

(Exchangeable  bases  in  m.e.  per  100  gm.  soil) 


Plot  bordered. 
Year  sampled. 


Total  Ca  extracted. 
Exchange  Ca 

Mg 

K 

Na 

NH4.... 

H 


1 

1931 


8 
1931 


Total  exchange  capacity 
Saturation,  per  cent. . . . 

pH 

Carbonates 


5.93 
5.43 
1.23 
0.35 
0.11 
0.08 
0.55 


7.75 
92.9 
6.8 
2.6 


4.99 
4.79 
1.40 
0.44 
0.13 
0.14 
2.38 


14 
1931 


9.28 
74.4 
6.4 
2.3 


5.34 
4.14 
0.81 
0.30 
0.09 
0.13 
2.45 


24 
1931 


5.26 
4.96 
0.54 
0.33 
0.10 
0.17 
4.20 


AVERAGE 


7.92 
69.1 
6.5 
2.3 


10.30 
59.3 
6.5 
2.3 


5.37 
4.83 
0.99 
0.35 
0.11 
0.13 
2.40 


8.81 
73.8 

2.37 


Certain  grass  strips  adjacent  to  plots  1,  8, 14,  and  24  were  sampled  by  taking 
six  borings  on  each  side  of  the  plot.  The  analyses  of  these  samples  are  given  in 
table  2.  The  grass  strips  show  less  variation  than  the  adjacent  cultivated 
plots,  probably  because  erosion  has  been  more  severe  on  the  plot  than  on  the 
grass  strip.  The  limestone  outcrop  which  causes  the  Ca  and  Mg  to  be  high  in 
plot  8  does  not  appear  in  the  grass  strips  adjacent  to  plot  8.  The  exchange 
magnesium  varies  from  0.54  to  1.40  m.e.  and  is  again  a  good  indication  of 
nearness  to  bed  rock. 

Efect  of  croppingy  or  comparison  between  untreated  plots  with  adjacent  grass 
strips.  This  comparison  should  show  the  effect  of  cropping  without  fertilizer 
when  a  rotation  of  corn,  oats,  wheat,  and  clover  is  used.  It  brings  out  the 
effect  of  crop  residues  and  of  the  increase  in  erosion  and  leaching,  which  occurs 
when  land  is  left  bare  for  certain  months  in  the  year.  The  comparison  is  not 
entirely  fair  since  the  bluegrass  residues  are  not  completely  removed  from  the 
grass  strips,  thus  allowing  the  nutrient  bases  to  accumulate. 


If  we  compare  each  plot  with  the  adjacent  grass  strip  we  find  (table  3),  with 
one  or  two  minor  exceptions,  that  cropping  has  resulted  in  decreased  calcium 
and  magnesium  contents,  very  little  change  in  potassium  and  sodium,  but  a 
marked  decrease  in  exchange  ammonium.  The  latter  ion  stands  out,  being 
much  higher  on  the  grass  strips  than  in  any  of  the  cultivated  plots.  The  total 
exchange  capacity  is  lowered  by  cultivation  which  has  encouraged  losses  of 
organic  matter  by  decomposition  and  erosion.  In  these  comparisons  we 
encounter  an  exception  to  the  general  rule,  namely,  a  significant  decrease  in 
calcium  and  magnesium  without  an  increase  in  hydrogen,  which  is  probably  due 
to  a  higher  organic  content  on  the  grass  strips. 

TABLE  3 

Comparison  between  untreated  plots  and  grass  strips  between  these  plots — Tier  1 

(Exchangeable  bases  in  m.e.  per  100  gm.  soil) 


PLOT  1 

PLOT  8 

PLOT  14 

PLOT  24 

Strips 

Plot 

Strips 

Plot 

Strips 

Plot 

Strips 

Plot 

Total  Ca  extract 

5.93 
5.43 
1.23 
0.35 
0.11 
0.08 
0.55 

3.98 
3.98 
0.99 
0.31 
0.12 
0.04 
1.65 

4.99 
4.79 
1.40 
0.44 
0.13 
0.14 
2.38 

5.00 
4.50 
1.49 
0.25 
0.11 
0.04 
1.00 

5.34 
4.14 
0.81 
0.30 
0.09 
0.13 
2.45 

4.48 
3.85 
0.57 
0.32 
0.09 
0.03 
1.90 

5.26 
4.96 
0.54 
0.33 
0.10 
0.17 
4.20 

3.27 

Exchange  Ca 

1.82 

Mg 

0.49 

*  0 

K 

0.29 

Na 

0.05 

NH4 

0.07 

H 

4.00 

Total  exchange  capacity 

Saturation,  per  cent 

7.75 
92.9 
6.8 
2.6 

7.09 
76.7 
6.6 
1.25 

9.28 
74.4 
6.4 
2.3 

7.39 
86.5 
6.8 
2.2 

7.92 
69.1 
6.5 
2.3 

6.76 
71.9 
6.6 
2.05 

10.30 
59.3 
6.5 
2.3 

6.72 
40.5 

pH 

6.0 

Carbonates 

2.0 

Effects  of  manure.  Barnyard  manure  at  the  rate  of  6,  8,  and  10  tons  per  acre 
is  applied  to  the  corn  and  oats  on  plots  16, 18,  and  20.  The  base  exchange  data 
from  these  plots  may  be  compared  with  those  from  check  plots  14  and  24  (table 
4).  There  seems  to  be  a  progressive  change  in  the  character  of  the  soil  from 
plot  14  to  24,  the  latter  being  definitely  more  acid.  There  is  a  slight  indication 
that  the  use  of  manure  has  decreased  the  total  calcium  extracted  in  anmionium 
acetate  but  increased  the  exchange  calcium.  The  net  effect  on  calcium  content 
of  this  soil  is  negligible.  The  exchange  potassium  is  not  increased  in  spite  of 
the  fact  that  considerable  is  added  in  the  manure.  The  total  exchange  capacity 
and  exchange  hydrogen  are  definitely  increased  by  the  use  of  barnyard  manure. 

Manuring  has  tended  to  build  up  the  magnesium  reserve  but  not  at  all  in 
proportion  to  the  amounts  used. 

In  conclusion  it  may  be  said  that  the  use  of  manure  has  chiefly  affected  the 
exchange  complex  by  increasing  significantly  the  exchange  H,  Mg,  and  total 
exchange  capacity. 
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Efect  of  continued  use  of  lime  compounds.  Only  three  plots  in  tiers  1  and  3 
have  been  limed.  Plot  22  receives  6  tons  of  manure  and  2  tons  of  burnt  lime 
on  the  corn  only;  plot  23  is  limed  with  2  tons  of  burnt  lime  on  corn  only;  and 
plot  34  receives  2  tons  of  ground  limestone  applied  at  the  time  of  planting 

corn  and  wheat. 

Plots  23  and  34  have  yielded  poorly  for  several  years  because  of  the  lack 
of  available  phosphorus  and  possibly  nitrogen.  The  plots  have  been  Irnied 
greatly  in  excess  of  their  needs,  but  it  has  never  seemed  desirable  to  change  the 

treatments. 

When  soils  are  heavily  limed  repeatedly,  as  these  plots  are,  they  eventually 
come  into  equilibrium  with  calcium  carbonate.  We  have  a  condition  similar 
to  a  flask  containing  solid  calcium  carbonate  in  the  bottom  with  a  solution  of 

TABLE  4 

Effects  of  manure — Tier  1 

(Exchangeable  bases  in  m.e.  per  100  gm.  soil) 


Treatment 

Year  sampled 

Total  Ca  extracted 

Exchange  Ca 

Mg 

K 

Na 

NH4 

H 

Total  exchange  capacity 
Saturation,  per  cent. . . . 

pH 

Carbonates 


PLOT  14 


None 
1931 


4  60 
3.85 
0.57 
0.32 
0.09 
0.03 
1.90 


PLOT  16 


M6 
1927 


6.76 
71.9 
6.6 
2.05 


4.21 
4.21 
0.89 
0.27 
0.07 
0.15 
6.00 


11.59 
48.2 
5.8 
1.25 


PLOT  18 


M8 
1931 


2.59 
2.19 
0.96 
0.33 
0.11 
0.08 
5.50 


PLOT  20 


MIO 
1931 


9.17 
40.0 
5.9 
2.5 


3.22 
2.62 
0.66 
0.38 
0.08 
0.08 
4.70 


PLOT  24 


None 
1931 


8.52 

44.9 
6.0 

2.5 


3.27 
1.82 
0.49 
0.29 
0.05 
0.07 
4.00 


6.72 
40.0 
6.0 
2.0 


calcium  bicarbonate  charged  with  carbonic  acid  and,  above  this,  air  containing 
a  large  quantity  of  carbon  dioxide.  When  this  comes  into  equilibrium  it  will 
have  a  pH  value  somewhere  between  8.2  and  8.4  depending  on  the  temperature 
and  partial  pressure  of  CO2  in  the  gas  phase.  The  soil  on  both  the  burnt  lime 
and  limestone  plots  has  been  repeatedly  sampled  by  Professors  Holben  and 
Jeffries  and  by  the  writer  and  has  been  found  to  fluctuate  very  little  from  the 
pH  value  8.25  it  0.05.  However,  the  writer  wished  to  determine  whether  or 
not  values  higher  than  these  might  be  encountered  immediately  after  ground 
burnt  lime,  CaO,  was  applied  to  a  soil  already  containing  an  excess  of  calcium 
carbonate  and  therefore  having  a  value  close  to  8.25. 

The  pH  value  of  saturated  lime  water  at  20°C.  was  found  to  be  12.38;  there- 
fore, if  carbonation  is  not  instantaneous  we  might  expect  values  considerably 
above  8.25  for  some  time  after  liming.    Plots  22,  23,  and  34  were  limed  in  the 


spring  of  1932.  The  soil  was  well  supplied  with  moisture  at  the  time,  and 
rains  were  frequent  but  not  excessive.  The  pH  values  were  determined  on  the 
plots  on  a  few  occasions  after  liming  (table  5).  It  is  apparent  that  under  these 
conditions  carbonation  is  not  immediate  (28),  because  the  pH  value  on  the 
burnt  lime  plot  is  higher  than  the  equilibrium  value  of  calcium  carbonate- 

TABLE  5 
Efect  of  liming*  with  burnt  lime  and  with  limestone  on  the  pH  value  of  an  alkaline  soil — Tier  1 


May  11 

June  15 

June  15 

*  Lime  applied  May  6  and  7 


Moist 
Moist 
Dried 


PLOT  22 

CaO 

MANURE 


N.D. 

8.48 
8.32 


PLOT  23 

CaO 


PB 
9.9 

8.72 
8.32 


PLOT  34 

CaCOa 


pH 

8.66 

8.48 
8.19 


TABLE  6 

Effect  of  lime  compounds  on  the  exchangeable  bases — Tier  1 

(m.e.  per  100  gm.  soil) 


Treatment 

Year  sampled . 


Total  Ca  extracted 
Exchange  Ca 

Mg 

K 

Na 

NH4.... 
H 


Total  exchange  capacity. 
Saturation,  per  cent .... 
pH 

Carbonates 


PLOT  23* 

PLOT  23 

PLOT  24 

PLOT  34* 

PLOT  34 

CaO 
1932 

CaO 

1927 

None 
1931 

CaCOi 

1932 

CaCOi 

1931 

56.2 

17.80 

3.27 

68.0 

17.10 

11.10 

8.0 

1.82 

15.85 

11.60 

0.91 

0.46 

0.49 

0.95 

0.49 

0.14 

0.38 

0.29 

0.30 

0.38 

0.16 

0.10 

0.05 

0.17 

0.07 

0.07 

0.07 

0.09 

0.07 

0.05 

0.00 

0.00 

4.00 

0.00 

0.00 

12.38 

9.03 

6.72 

17.32 

12.59 

Excess 

Excess 

40.5 

Excess 

Excess 

8.3 

8.3 

6.0 

8.2 

8.4 

47.3 

29.45 

2.0 

69.5 

43.6 

PLOT  36 

None 
1927 

4.84 

3.84 
0.86 
0.29 
0.12 
0.12 
2.60 

7.83 
66.8 
6.2 
1.85 


♦  Lime  as  CaO  and  CaCOj  was  applied  in  plots  23  and  34  respectively  on  May  6  and  7,  1932 
before  sampling. 

carbonic  acid-carbon  dioxide.  Injury  from  over-liming  of  a  soil  akeady  neu- 
tral or  alkaline  seems  quite  possible,  provided  burnt  lime  or  hydrate  is  used. 
Over-liming  with  carbonate  seems  less  probable. 

In  table  6  the  burnt  lime  plot  23  is  compared  with  the  adjacent  check  plot  24 
and  the  carbonate  of  lime  plot  34  is  compared  with  the  nearest  check  plot  36. 
So  far  as  exchange  bases  are  concerned  the  chief  effects  of  continuous  heavy 
liming  have  been  to  build  up  a  large  reserve  of  calcium  in  the  exchange  and 
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carbonate  condition  and,  of  course,  to  eliminate  exchange  hydrogen.  The 
total  exchange  capacity  as  determined  by  addition  is  higher  on  these  two  plots 
than  on  any  others  in  the  tier.  This  might  be  expected  since  colloids  increase 
their  cation  adsorption  in  the  presence  of  hydroxyl  ions  (9,  13).  However, 
Schollenberger  and  Dreibelbis  (47)  obtained  the  reverse  effect  by  comparing  the 
total  exchange  values  of  the  limed  and  unlimed  halves  of  the  Ohio  plots.  So 
also  did  the  writer  obtain  the  opposite  effect  when  the  limed  plots  21,  30,  31, 
and  32  of  tier  2  are  compared  with  the  corresponding  unlimed  plots  in  tier  1 
(table  14).  In  each  of  these  latter  cases  there  is  a  decrease  of  from  1  to  nearly 
3  m.e.  in  total  capacity  resulting  from  liming  tier  2  in  1921.  In  the  latter 
cases,  where  liming  has  caused  a  decrease  in  total  capacity,  the  pH  value  is  not 
above  7.00.     In  the  former  case,  where  excessive  liming  was  practiced,  the  pH 


The  total  exchange  capacity  has  been  increased  by  the  PK  treatment  in 
every  instance,  doubtless  as  a  result  of  the  higher  organic  content  which  these 
plots  have  attained.  At  the  same  time  active  organic  matter  has  declined  on 
the  nothing  plots  on  account  of  the  smaller  crop  residues. 

The  total  calcium  extracted  with  ammonium  acetate  is  significantly  lower  in 
every  case  as  a  result  of  the  PK  treatment.  This  is  true  in  spite  of  the  fact 
that  calcium  is  added  in  the  superphosphate.  The  exchange  calcium  is  also 
decreased  by  this  fertilizer  combination  in  all  except  one  case.  Nothing  defi- 
nite can  be  said  about  the  exchange  magnesium,  but  potassium  has  been  nearly 
doubled,  as  would  be  expected.  Concomitant  with  the  decrease  of  calcium 
we  have  a  positive  gain  in  hydrogen  in  the  colloidal  matter.  The  PK  treated 
plots  are  less  saturated  with  bases  and  have  slightly  lower  pH  values.    It  is 


TABLE  7 
Effect  of  the  superphosphate-muriate  of  potash  treatment  upon  the  exchangeable  bases 

(m.e.  per  100  gm.  soil) 


Treatment 

Year  sampled 

Total  Ca  extract 

Exchange  Ca 

Mg 

K 

Na 

NH4 

H 

Total  exchange  capacity 
Saturation,  per  cent. . . . 

pH 

Carbonates 


PLOT  8 


0 
1931 


5.00 
4.50 
1.49 
0.25 
0.11 
0.04 
1.00 


PLOT? 


PLOT  14 


P  +  K 

1931 


4.48 
4.13 
1.55 
0.49 
0.21 
0.05 
2.30 


7.39 
86.5 
6.8 
2.2 


8.73 
73.6 
6.7 
2.8 


0 

1931 


4.60 
3.85 
0.57 
0.32 
0.09 
0.03 
1.90 


6.76 
71.9 
6.6 
2.05 


PLOT  15 


P  +  K 
1931 


3.82 

3.12 
0.49 
0.46 
0.11 
0.07 
3.75 


8.00 
53.2 
6.35 
2.2 


PLOT  24 


0 
1931 


3.27 

1.82 
0.49 
0.29 
0.05 
0.07 
4.00 


6.72 
40.5 
6.0 
2.0 


PLOT  25 


P  +  K 
1931 


3.00 

3.00 
0.48 
0.50 
0.05 
0.21 
6.40 


10.64 
39.9 
5.2 
1.35 


PLOT  36 


0 
1927 


4.84 

3.84 
0.86 
0.29 
0.12 
0.12 
2.60 


7.83 
66.8 
6.2 
1.85 


PLOT  29 


P  +  K 
1932 


2.96 

2.96 
0.88 
0.53 
0.48 
0.16 
4.45 


9.46 
53.0 
6.1 
1.16 


values  were  about  8.3.     Exchange  magnesium  has  been  increased  by  liming, 
but  no  significant  difference  appears  with  respect  to  the  other  cations. 

Influence  of  superphosphate-muriate  of  potash  treatment  on  exchangeable  base 
content.  Plots  7, 15, 25,  and  29  receive  300  pounds  of  16  per  cent  superphosphate 
and  200  pounds  of  muriate  of  potash  twice  in  the  rotation.  The  quantity  of 
potash  is  believed  to  be  excessive.  Nevertheless,  this  combination  has  given 
the  largest  net  financial  returns  of  any  combination  used,  with  the  exception  of 
those  receiving  barnyard  manure.  Fortunately  for  study,  each  of  these  plots 
lies  adjacent  to,  or  close  to,  a  check  plot.  The  comparisons  are  given  in  table  7. 
In  making  such  comparisons  we  must  keep  in  mind  that  the  yields  on  the  noth- 
ing plots  have  been  small  for  several  years,  while  those  on  the  PK  plots  have 
been  large,  hence  there  will  be  a  greater  removal  of  the  nutrient  bases  on  the 
PK  plots.  Furthermore  superphosphate  contains  calcium  as  phosphate  and 
sulfate,  and  this  should  tend  to  maintain  the  supply  of  this  element. 


TABLE  8 

Influence  of  superphosphate  alone  upon  the  exchangeable  bases 

(m.e.  per  100  gm.  soil) 


Treatment 

Year  sampled 

Total  Ca  extracted 

Exchange  Ca 

Mg 

K 

Na 

NH4 

H 

Total  exchange  capacity 
Saturation,  per  cent. . . . 

pH 

Carbonates 


PLOT  1 


Noric 
1932 


4.42 
3.57 
1.68 
0.30 
0.11 
0.04 
2.00 


7.70 
74.0 
6.5 
1.4 


PLOT  3 


P 

1932 


4.49 
3.64 
1.14 
0.14 
0.11 
0.02 
2.70 


7.75 
62.7 
6.2 
1.45 


PLOT  8 


None 
1932 


4.24 
3.74 

1.33 
0.23 
0.12 
0.06 
2.10 


7.58 
72.3 
6.5 
1.15 


not  altogether  fair  to  compare  PK  plot  29  with  the  check  36  because  the  latter 
receives  limestone  dust  from  the  highway,  but  if  we  compare  it  with  check 
plot  24,  which  is  closer  to  it,  the  conclusions  are  nearly  the  same. 

No  explanation  is  given  for  the  high  exchange  sodium  content  on  PK  plot 
29,  and  no  importance  is  claimed  for  it.  The  duplicate  determinations  on  this 
plot  gave  0.50  and  0.46  m.e.  of  sodium. 

Effect  of  superphosphate  alone.  The  PK  combination  was  shown  to  cause  a 
decrease  in  calcium  and  an  increase  in  hydrogen,  but  it  was  not  possible  to 
determine  which  salt  was  responsible  for  the  change.  Plot  3  of  tier  I  receives 
superphosphate  alone,  but  the  soil  is  not  uniform  enough  to  be  considered. 
However,  the  first  eight  plots  in  tier  3,  also  unlimed,  are  very  homogenous, 
hence  plot  3  receiving  superphosphate  alone  is  compared  with  check  plots 
1  and  8  tier  3  (table  8).  Analyses  of  the  data  indicate  that  superphosphate 
has  had  very  little  effect  upon  the  reactive  calcium  but  it  has  produced  a 
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significant  increase  in  exchange  hydrogen.  This  is  in  agreement  with  the  find- 
ings of  Schollenberger  and  Dreibelbis  (47)  and  of  Page  and  Williams  (36). 
Exchange  magnesium  and  potassium  are  decreased  by  the  use  of  superphos- 
phate alone,  doubtless  because  of  the  greater  removal  in  crops,  which  have 
been  sizeable  on  this  plot.  The  phosphate  has  decreased  the  state  of  satura- 
tion with  bases  by  about  10  per  cent  and  increased  the  hydrogen-ion  con- 
centration. It  is  concluded  that  superphosphate  does  tend  to  increase  acidity 
even  though  it  increases  the  active  calcium  in  the  soil.  The  effect  is  a  small 
one  for  50  years  of  continuous  use. 

Comparison  between  raw  bone  and  acidulated  phosphates.     From  theoretical 
considerations  it  would  seem  that  raw  bone  might  decrease  acidity  if  the  PO4, 

TABLE  9 

Comparison  between  ground  bone  and  superphosphate  upon  the  content  of  exchangeable  bases 

(m.e.  per  100  gm.  soil) 


Treatment. 
P  carrier. . . 


Year  sampled. 


Total  Ca  extracted. 
Exchange  Ca 

Mg 

K 

Na 

NH4.... 

H 


Total  exchange  capacity 

Saturation,  per  cent. 

pH 

Carbonates 


PLOT  6* 

PLOT  12 

PLOT  17 

PLOT  19 

NK 
None 

1931 

NPK 
Bone 

1931 

NPK 

Superphos- 
phate 
1931 

NPK 

Superphos- 
phate 
1931 

3.47 

4.31 

1.66 

1.74 

3.32 

3.21 

0.81 

1.34 

1.28 

1.37 

0.47 

0.30 

0.66 

0.43 

0.44 

0.40 

0.18 

0.14 

0.12 

0.08 

0.05 

0.05 

0.08 

0.08 

2.55 

2.90 

6.20 

6.40 

8.04 

8.10 

8.12 

8.60 

68.3 

64.2 

23.7 

25.6 

6.6 

6.6 

5.6 

5.5 

1.60 

6.40 

2.90 

2.10 

PLOT  35 


NPK 
Bone 

1932 


5.11 
5.11 
1.57 

0.56 
0.21 
0.10 
1.95 

9.50 
79.5 
5.6 
1.67 


*  Not  a  good  comparison  plot.    Probably  influenced  by  nearness  to  limestone  in  places. 


HPO4,  or  H2PO4  ion  is  assimilated  in  greater  equivalent  quantity  than  cal- 
cium. On  the  other  hand  superphosphate  contains  an  acid  salt  Ca  H4(P04)i 
with  three  equivalents  of  PO4  for  each  equivalent  of  calcium.  It  should 
increase  acidity  and  was  shown  to  in  plot  3  of  tier  3. 

To  compare  these  two  carriers  of  phosphorus  we  may  use  plots  12  and  35  vs. 
17  and  19  in  tier  1.  Plots  12  and  35  each  receive  30  pounds  of  nitrogen  in  blood, 
48  pounds  of  P2O6  in  ground  bone,  and  100  pounds  of  K2O  in  muriate  of  potash. 
Plots  17  and  19  are  treated  like  12  and  35  except  that  they  receive  their  phos- 
phorus in  superphosphate  and  have  slightly  different  amounts  of  blood — 17 
receives  24  pounds,  and  19  receives  48  pounds  of  nitrogen  (table  9). 

Ground  bone  appears  to  have  left  a  residue  of  calcium  in  the  soil,  hence 
even  though  slightly  more  of  the  acid  forming  blood  is  applied  to  bone  plots  12 
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and  35  than  to  the  superphosphate  plot,  still  there  is  definitely  more  calcium 
in  the  bone  treated  plots.  The  exchange  hydrogen,  saturation  values,  and  pH 
values  all  prove  that  superphosphate  increases  soil  acidity  as  compared  with 
ground  bone.  The  exchange  magnesium  is  likewise  lower  in  the  super- 
phosphate plots. 

Further  evidence  is  gained  when  plot  6,  which  receives  blood  and  muriate, 
is  compared  with  plot  17,  which  is  fertilized  with  superphosphate  in  addition, 
or  with  plot  12  or  35,  both  of  which  receive  bone  in  addition.  These  compari- 
sons prove  that  bone  builds  up  a  reserve  of  calcium  with  little  or  no  effect  upon 
the  exchange  hydrogen  and  pH  value.  It  is  also  apparent  that  superphosphate 
does  increase  soil  acidity.    The  nitrogen-potash  plot  6  appears  to  contain  a 


TABLE  10 

Efect  of  dried  blood  upon  the  exchangeable  bases 
(m.e.  per  100  gm.  soil) 


Tier  and  plot.. 

Treatment 

N  per  acre,  lbs . 


Total  Ca  extracted 
Exchange  Ca 

Mg 

K 

Na 

NH4.... 

H 


Total  exchange  capacity. 
Saturation,  per  cent .... 

pH 

Carbonates ; . . 


3/1 
O 
0 


4.42 
3.57 
1.68 
0.30 
0.11 
0.04 
2.00 


7.70 
74.0 
6.5 
1.40 


3/2 

N 
24 


3.40 
2.68 
1.14 
0.25 
0.11 
0.04 
3.44 


7.66 
55.1 
5.8 
1.50 


3/8 

o 

0 


4.24 
3.74 
1.33 
0.23 
0.12 
0.06 
2.10 


7.58 
72.3 
6.5 
1.15 


1/15 

PK 

0 


3.82 
3.12 
0.49 
0.46 
0.11 
0.07 
3.75 


8.00 
53.2 
6.35 
2.20 


1/17 

NPK 

24 


1.66 

0.81 
0.47 
0.44 
0.12 
0.08 
6.20 


8.12 
23.7 
5.6 
2.90 


1/19 

NPK 

48 


1.74 

1.34 
0.30 
0.40 
0.08 
0.08 
6.40 


8.60 
25.6 
5.5 
1.34 


1/21 

NPK 

72 


1.72 
0.92 
0.29 
0.48 
0.14 
0.11 
7.40 


9.34 
20.8 
5.5 
2.1 


1/25 

PK 

0 


3.00 
3.00 
0.48 
0.50 
0.05 
0.21 
6.40 


10.64 
39.9 
5.2 
1.35 


reserve  of  magnesium  and  potassium  which  is  due  to  the  low  removals  in 
crops  from  this  plot. 

SchoUenberger's  data  (47)  reveal  no  appreciable  difference  between  bone  and 
superphosphate  in  the  quantity  of  adsorbed  ions. 

Effect  of  dried  blood  used  alone.  Dried  blood  contains  16  per  cent  nitrogen, 
most  of  which  is  easily  nitrified.  Its  total  ash  content  is  low,  consequently,  on 
decay,  carbonic  and  nitric  acids  are  formed,  and  acids  even  when  present  in 
low  concentration  possess  high  base  exchange  powers  due  to  the  high  energy 
of  absorption  of  the  hydrogen  ion.  We  therefore  expect  a  considerable  loss  of 
bases  as  a  result  of  the  use  of  dried  blood  without  lime.  This  is  shown  to  be 
the  case  in  the  comparisons  which  follow: 

Table  10  is  a  comparison  between  the  untreated  check  plots  1  and  8  and  the 
blood  treated  plot  3,  in  tier  3.  The  yields  on  plot  3  (blood)  have  been  poor, 
m  fact  lower  than  the  average  of  the  five  check  plots.  Consequently,  any 
decrease  in  bases  as  compared  with  the  checks  is  due  to  leaching  rather  than  to 
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crop  removal.  Dried  blood  has  caused  a  decided  decrease  in  the  quantity  of 
calcium  and  magnesium  and  a  corresponding  increase  in  replaceable  hydrogen. 
The  remaining  exchangeable  cations  are  unaffected. 

In  tier  1  it  is  possible  to  compare  three  rates  of  dried  blood  with  the  nearest 
PK  plots;  the  only  variant  being  the  presence  and  amount  of  blood.  Plots 
17, 19,  and  21  receive  24, 48,  72  pounds  of  nitrogen  respectively  in  blood,  twice 
in  the'rotation.  The  use  of  blood,  as  might  be  expected,  has  caused  a  decided 
decrease  in  total  extracted  calcium  and  exchangeable  calcium  to  about  one- 
half  or  one-third  of  that  in  the  nearest  PK  plots.  However,  there  is  no  evi- 
dence that  the  larger  amounts  of  blood  have  been  more  effective  in  reducing  the 
active  calcium  than  have  smaller  amounts,  or  to  put  it  another  way,  the  smaller 
amounts  of  blood  have  reduced  the  calcium  to  such  a  low  figure  that  larger 
amounts  show  no  added  effect.  It  is  logical  to  assume  that  during  the  50  years 
more  nitrogen  has  found  its  way  into  the  drainage  water  as  HNO3  in  plot  21 
than  in  plot  17.  It  is  obviously  impossible  to  calculate  in  advance  how  much 
lime  must  accompany  a  given  quantity  of  blood  to  keep  a  soil  in  its  original 

state  of  saturation. 

The  exchange  magnesium  is  also  decreased  by  the  use  of  blood.  No  signifi- 
cant differences  are  to  be  found  in  the  quantity  of  adsorbed  potassium.  Equal, 
large  amounts  of  this  element  have  been  added  to  all  plots  in  this  comparison; 
and  in  spite  of  the  large  amount  removed  in  crops  there  are  now  0.40  to  0.50 

m.e.  present. 

The  PK  plots  15  and  25  are  now  40  to  50  per  cent  saturated  with  bases, 
whereas  those  receiving  blood  in  addition  are  only  20  to  25  per  cent  saturated. 

Organic  nitrogen  has  produced  upon  the  exchange  picture  of  this  soil  a 
profound  effect  that  is  now  showing  itself  in  reduced  yields  on  these  plots  even 
though  heavily  fertilized.  Liming  on  tiers  2  and  4  has  completely  restored 
this  soil  in  character  of  complex  and  in  yields. 

Efed  of  the  use  of  nitrate  of  soda.  According  to  theoretical  reasoning  and  the 
observations  handed  down  to  us  from  the  majority  of  field  experiments  (19) 
nitrate  of  soda  either  should  have  no  effect  or  should  reduce  acidity  slightly. 
Both  ions  of  this  salt  leach  readily.  The  sodium  will  seek  the  liquid  phase  and 
leach  out  with  any  strong  acid  radicals,  which  may  be  added  to,  or  formed 

in,  the  soil. 

Plots  26,  27,  and  28,  which  receive  nitrate  of  soda  equivalent  to  24,  48,  and 
72  pounds  of  nitrogen,  and  the  adjacent  PK  plots  25  and  29  are  used  in  this 
comparison.  The  only  variable  is  the  presence  and  amount  of  nitrate  of  soda. 
This  comparison  is  given  in  table  1.  The  use  of  nitrate  of  soda  has  had  no 
appreciable  effect  upon  the  quantity  of  any  ion  except  hydrogen,  which  has 
been  slightly  reduced.  Sodium  has  not  been  retained;  therefore,  the  total 
exchange  capacity  of  the  soda-treated  soils  is  lowered  by  2  or  3  m.e.  It  is 
logical  to  assume  that  sodium  has  peptized  some  of  the  colloidal  matter  and 
caused  it  to  be  translocated  to  lower  horizons  or  removed  in  the  drainage 
water.  # 


BASE  EXCHANGE  STUDIES 


51 


These  effects  of  nitrate  of  soda  agree  exactly  with  those  reported  by 

Schollenberger  (47).  j  .    ..     -nxr    w 

No  explanation  is  offered  for  the  high  sodmm  content  found  m  the  PK  plot 
29  Pierre  (41,  42)  has  reported  a  tendency  for  nitrate  of  soda  to  increase 
alkalinity  as  shown  by  pH  values  and  by  degree  of  saturation,  but  his  work 
was  conducted  in  greenhouse  pots,  in  which  no  leaching  took  place.  Under 
such  conditions  a  sodium  residue  is  permitted  to  accumulate. 

Influence  of  sulfate  of  ammonia.  This  fertilizer  salt  is  well  known  for  its 
effects  upon  soil  reaction,  although  it  should  be  pointed  out  that  for  the  first 
8  years  of  this  experiment  (39)  the  sulfate  plots  outyielded  the  mtrate  or 
blood  plots  and  it  was  not  until  20  years  had  elapsed  that  the  yield  dropped 

TABLE  11 

Efects  of  nitrate  of  soda  upon  the  exchangeable  bases 

(m.e.  per  100  gm.  soil) 


PLOT  25 


Treatment 

N  per  acre,  lbs. 
Year  sampled.. 


Total  Ca  extracted. 
Exchange  Ca 

Mg 

K 

Na 

NH4 

H 


PK 

0 

1927 


Total  exchange  capacity, 
Saturation,  per  cent.  . . . 

pH 

Carbonates 


3.00 
3.00 
0.48 
0.50 
0.05 
0.21 
6.40 


PLOT  26 


NPK 

24 

1931 


10.64 
39.9 

5.2 
2.45 


3.18 
2.98 
0.54 
0.41 
0.14 
0.10 
4.20 


PLOT  27 


NPK 

48 
1931 


8.37 

49.8 
6.0 
1.60 


3.43 
3.33 
0.52 
0.42 
0.10 
0.09 
4.00 


PLOT  28 


NPK 

72 

1931 


8.46 
52.7 
6.1 
1.2 


2.91 
2.76 
0.35 
0.48 
0.11 
0.08 
4.20 


PLOT  29 


PK 

0 
1932 


7.98 
47.4 
6.0 
1.05 


2.96 
2.96 
0.88 
0.53 
0.48 
0.16 
4.45 


9.46 
53.0 
6.0 
1.3 


materially  on  account  of  acidity.  Furthermore,  one  treatment  with  lime  on 
tiers  2  and  4  has  completely  restored  the  fertility  on  these  very  acid  plots. 
The  theoretical  reasoning  has  been  put  forth  by  Pierre  (41,  42),  by  Allison 
(2),  and  by  Kappan,  (24,  25)  that  if  all  the  ammonia  in  sulfate  of  ammonia 
is  transformed  into  nitric  acid,  each  equivalent  of  sulfate  of  ammonia  produces 
two  equivalents  of  acid  and  on  this  basis  the  lune  needs  may  be  calculated. 
Under  field  conditions  when  sulfate  of  ammonia  is  applied  to  different  crops 
and  with  varying  climatic  conditions,  we  are  confronted  with  such  questions 
as:  What  proportion  of  the  total  nitrogen  is  assimilated  in  the  ammonia  form 
and  what  part  in  the  nitrate  form  (50),  and  is  this  the  same  for  all  plants? 
What  proportion  of  the  nitrogen  which  leaches  out  is  in  the  form  of  nitrate 
salts  and  what  part  is  in  the  form  of  nitric  acid?  Can  plants  assimilate  nitric 
acid  (2),  that  is,  can  they  adsorb  anions  in  excess  of  cations?    All  these  ques- 
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tions  made  it  utterly  impossible  to  calculate  the  amount  of  lime  needed  under 
field  conditions  for  each  100  pounds  of  sulfate  of  ammonia. 

Plots  29,  30,  31,  and  32  in  tier  1  were  chosen  for  this  comparison.  Plot  29 
is  the  PK  plot,  the  remaining  plots  receive,  in  addition  to  PK,  varying  amounts 
of  sulfate  of  ammonia.  Plot  29  was  sampled  in  1932;  plots  30,  31,  and  32  were 
sampled  in  1931 ;  and  plot  32  was  also  sampled  in  1927.  These  comparisons  are 
set  forth  in  table  12. 

Sulfate  of  ammonia  has  produced  the  most  marked  effects  of  any  fertilizer 
used  in  this  experiment.  The  total  calcium  extractable  and  the  exchange 
calcium  have  been  reduced  to  one-third  by  the  use  of  24  pounds  of  nitrogen 
in  sulfate  of  ammonia  twice  in  the  rotation,  and  to  about  one-fourth  and  one- 


TABLE  12 

Ejects  of  sulfate  of  ammonia  upon  the  quantity  of  exchangeable  bases 

(m.e.  per  100  gm.  soil) 


Treatment 

N  per  acre,  lbs 

Year  sampled 

Total  Ca  extracted 

Exchange  Ca 

Mg 

K 

Na 

NH4 

H 

Total  exchange  capacity 
Saturation,  per  cent. . . . 

pH 

Carbonates 


PLOT  29 


PK 

0 

1932 


2.96 
2.96 
0.88 
0.53 
0.48 
0.16 
4.45 


9.46 
53.0 
6.1 
1.3 


PLOT  30 


NPK 

24 

1931 


1.31 

1.31 
0.31 
0.33 
0.15 
0.11 
6.60 


8,81 
25.0 
5.3 
0.9 


PLOT  3 1 


NPK 

48 

1931 


0.73 

0.38 
0.33 
0.38 
0.11 
0.10 
8.10 


9.40 
13.8 
4.96 
1.3 


PLOT  32 


NPK 

72 

1931 


0.75 

0.65 
0.31 
0.38 
0.07 
0.07 
8.80 


10.28 
14.5 
4.70 
0.7 


PLOT  32 


NPK 

72 
1927 


0.45 
0.45 
0.59 
0.29 
0.18 
0.14 
8.70 


10.33 
15.5 
4.55 
0.75 


sixth,  respectively,  by  the  48-pound  and  72-pound  applications.  From  75 
to  85  per  cent  of  all  the  exchange  ions  are  hydrogen  ions,  but  calcium  is  not  the 
only  base  affected.  Magnesium  and  even  potassium  have  been  significantly 
diminished,  when  compared  with  the  nearest  PK  plot.  This  is  true  in  spite 
of  the  fact  that  equal,  large  amounts  of  potash  have  been  used  and  that  the 
crop  removals  on  the  most  acid  plots  have  not  been  as  great  as  on  the  PK 
plots.  The  average  exchange  potassium  content  of  the  three  corresponding 
blood  plots  is  0.44,  and  of  the  three  nitrate  plots  0.44,  whereas  the  three  sulfate 
of  ammonia  plots  average  only  0.36.  This  difference  is  not  large  but  is  quite 
consistent.  It  appears  impossible  to  calculate  the  lime  needs  from  any  factor 
or  formula,  since  the  48-pound  application  has  depleted  the  calcium  as  much 
as  the  72-pound  treatment.  It  seems  logical  that  the  more  calcium  that  is 
present  in  the  soil  the  more  rapidly  it  will  be  removed,  and  that,  when  the  active 
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calcium  content  is  reduced  to  a  very  low  figure,  the  nitric  and  sulfuric  acid  may 
leach  through  as  acids  or  even  as  iron  and  alumina  salts.  This  was  well  brought 
out  in  a  previous  paper  by  the  writer  (32),  in  which  the  base  exchange  content 
of  samples  drawn  in  1915  was  compared  with  that  of  those  drawn  in  1927. 
Some  data  are  reproduced  in  table  13.  During  the  12-year  period  from  1915 
to  1927  the  loss  of  calcium  and  magnesium  has  been  no  greater  on  the  sulfate 
of  ammonia  plot  32  than  upon  the  phosphorus-potash  plot  25.  This  is  because 
early  in  the  history  of  the  experiment  the  sulfate  of  ammonia  had  replaced 
the  readily  replaceable  calcium  with  hydrogen  ions. 

It  is  interesting  to  note  that  some  carbonates  are  present  even  in  the  most 
acid  plot.  No.  32.    This  plot  has  had  a  pH  value  of  4.5  to  4.7  for  several  years. 


TABLE  13 

Comparison  of  different  nitrogen  carriers  with  the  PK  plot  in  19 1 5  and  1927 
(Exchangeable  bases  in  m.e.  per  100  gm.  soil) 


Calcium  1915. . 
Calcium  1927.. 

12-year  change. 


Magnesium  1915 
Magnesium  1927 

12-year  change. . 


Hydrogen  1915*. 
Hydrogen  1927. . 

12-year  change. . 


PK 
25 


4.07 

3.00 

-1.07 

0.75 

0.48 

-0.27 

5.25 

6.05 

4-0.80 


NPK 

NaNO, 

28 


3.73 
3.12 

-0.61 

0.81 
0.55 

-0.26 

4.22 
5.50 

+1.28 


NPK 

Blood 

21 


-0.19 

5.87 
7.22 

+  1.35 


NPK 

(NH«).S04 
32     ■ 


3.34 

1.51 

2.30 

0.45 

-1.04 

-1.06 

0.74 

0.87 

0.55 

0.59 

-0.28 

6.02 
8.65 

+2.63 


Exchange  hydrogen  determined  by  ammonium  acetate  extraction. 


The  carbonate  content  of  the  sulfate  of  ammonia  plots  is  lower  than  that  of 
any  other  plot  in  this  field  experiment. 

There  is  no  evidence  that  sulfate  of  ammonia  causes  the  NH4  ion  to  accu- 
mulate in  the  colloidal  complex. 

It  is  quite  probable  that  these  plots  will  not  attain  pH  values  much  lower 
than  4.5  even  though  the  use  of  sulfate  of  ammonia  be  continued.  Under  the 
conditions  obtaining  here,  the  nitric  and  sulfuric  acids  added  and  formed  from 
each  application  will  leach  through  as  acids  or  as  iron  and  aluminum  salts,  and 
the  pH  value  will  revert  to  that  of  humic  and  silicic  acids.  For  a  few  months 
after  fertilization  the  pH  value  may  possibly  run  lower  than  4.5.  This  has  not 
been  investigated. 

The  base  exchange  picture  on  these  sulfate-treated  plots  is  decidedly  different 
from  that  of  those  receiving  P  and  K  and  consists  in  the  substitution  of  H  for 
not  only  Ca  but  for  Mg  and  K  also. 
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Effect  of  muriate  of  potash.  It  was  previously  shown  that  the  PK  treatment 
had  acid-producing  tendencies  but  it  remained  to  be  determined  which  salt  in 
this  combination  was  responsible.  Then  it  was  shown  that  superphosphate 
alone  tended  to  increase  the  replaceable  hydrogen  but  not  to  reduce  the  re- 
placeable calcium  materially.     What  is  the  effect  of  the  potash  salt? 

Plot  4  in  tier  1  might  have  been  chosen  to  make  this  comparison  but,  since 
it  is  probably  the  least  uniform  of  all  plots  sampled  in  this  work,  plot  4,  KCl 
alone,  in  tier  3  was  compared  with  check  plots  1  and  8  in  the  same  tier  (table  14). 
The  addition  of  K  as  KCl  has  caused  a  reduction  in  total  calcium  extracted  and 
in  exchangeable  calcium,  no  effect  upon  magnesium,  but  a  decided  increase  in 
potassium.  In  this  case  K  rather  than  H  seems  to  have  replaced  the  Ca,  for 
there  is  no  increase  in  replaceable  H.    Yields  have  been  low  on  this  plot  because 

TABLE  14 
Effects  of  muriate  of  potash  on  the  content  of  exchangeable  bases 

(m.e.  per  100  gm.  soil) 


Tier  and  plot.. 

Treatment 

Year  sampled. 


Total  Ca  extracted. 
Exchange  Ca 

Mg.... 

K 

Na 

NH4. . . . 

H 


Total  exchange  capacity 
Saturation,  per  cent.  ... 

pH 

Carbonates 


3/1 

0 

1932 

3/4 

K 

1932 

3/8 

0 

1932 

1/2 

N 
1927 

4.42 

3.64 

4.24 

5.69 

3.57 

2.99 

3.74 

5.69 

1.68 

1.39 

1.33 

1.83 

0.30 

0.68 

0.23 

0.23 

0.11 

0.14 

0.12 

0.20 

0.04 

0.06 

0.06 

0.05 

2.00 

2.10 

2.10 

0.00 

7.70 

7.36 

7.58 

8.00 

74.0 

71.5 

72.3 

Excess 

6.5 

6.5 

6.5 

7.2 

1.40 

1.45 

1.15 

1.85 

1/6 

NK 
1931 


3.47 
3.32 
1.28 
0.66 
0.18 
0.05 
2.55 


8.04 
68.3 
6.6 
1.6 


of  lack  of  available  phosphorus,  hence  the  large  reserve  of  potassium.  Any 
plot  in  this  experiment  which  receives  no  phosphate,  yields  poorly.  The 
decrease  in  Ca  either  has  been  insufficient  to  make  any  difference  in  pH  value 
or  it  is  counterbalanced  by  the  more  highly  dissociating  potassium. 

In  tier  1,  plot  2  may  be  compared  with  plot  6.  Both  receive  dried  blood 
equal  to  24  pounds  of  nitrogen,  the  variable  being  muriate  of  potash.  Although 
these  results  cannot  be  regarded  as  very  conclusive,  because  of  the  soil  irregu- 
larity previously  mentioned,  they  do  tend  to  confirm  the  conclusion  drawn 
from  tier  3,  plot  1,  4,  8,  namely,  that  the  addition  of  KCl  causes  calcium  deple- 
tion and  the  building  up  of  a  reserve  of  exchange  K. 

The  same  conclusions  are  strengthened  by  comparing  plot  5,  blood  and  super- 
phosphate, with  plot  12,  blood,  bone,  and  muriate,  though  in  this  case  the 
source  of  phosphorus  is  different  in  the  two  plots  compared. 

Effect  of  recent  liming  on  certain  very  acid  plots.     In  1921,  tier  2  was  limed 


according  to  the  lime  requirement  as  determined  by  Prof.  J.  W.  White  and  his 
associates.  The  yields  on  the  acid  plots  were  quickly  restored.  There  was 
some  reserve  of  phosphorus,  due  to  a  long  period  of  low  yields,  but  no  special 
reserve  of  magnesium  and  potassium.  It  is  interesting  to  find  the  chief  effect 
brought  about  by  liming  these  very  acid  plots.  A  few  of  the  most  acid  plots 
— the  sulfate  of  ammonia  plots  and  the  plot  receiving  the  highest  blood 
treatment — have  been  compared  with  the  corresponding  unlimed  plots  in 
tier  1  (table  15). 

In  each  of  these  acid  plots,  liming  restored  the  exchangeable  calcium  from 
almost  nothing  in  tier  1  to  from  4  to  6  m.e.  in  tier  2.  It  would  appear  that  for 
this  soil  from  4.0  to  4.5  m.e.  of  calcium  in  the  exchange  form  are  necessary  to 
produce  neutrality. 

TABLE  15 

Effect  of  recent  liming  on  certain  very  acid  plots — Tiers  1  and  2 


PLOT  21 

PLOT  30 

PLOT  31 

PLOT  32 

Treatment 

NPK 
Blood,  72  lbs.  N 

NPK 
Sulfate,  24 

NPK 
Sulfate,  48 

Sulf 

IPK 

N  Dcr  acre,  lbs 

ate,  72 

Tier  and  limine 

Unlimed 
1931 

Limed 
1932 

Unlimed 
1931 

limed 
1932 

Unlimed 
1931 

Limed 
1932 

Unlimed 
1931 

Limed 

Year  samoled 

1932 

Total  Ca  extract 

1.72 
0.92 
0.29 
0.48 
0.14 
0.11 
7.40 

5.82 
5.82 

0.89 
0.45 
0.13 
0.06 
0.89 

1.31 

1.31 
0.31 
0.33 
0.15 
0.11 
6.60 

7.13 
3.90 
1.53 
0.32 
0.14 
0.04 
0.00 

0.73 
0.38 
0.33 
0.38 
0.11 
0.10 
8.10 

6.70 
5.23 
1.51 
0.37 
0.12 
0.07 
0.00 

0.75 
0.65 
0.31 
0.38 
0.07 
0.07 
8.80 

6.60 

Exchange  Ca 

4.65 

Mg 

1.33 

0 

K 

Na 

0.53 
0.12 

NH4 

0.15 

H 

0.00 

Total  exchange  capacity. . 

Saturation,  per  cent 

pH 

9.34 
20.8 
5.5 
2.10 

8.24 
89.2 
6.8 
1.1 

8.81 
25.0 
5.3 
0.90 

5.93 

Excess 

7.3 

7.03 

9.40 
13.8 
4.96 
0.95 

7.30 

Excess 

7.15 

2.87 

10.28 
14.5 
4.70 
0.70 

6.78 

Excess 

7  00 

Carbonates 

2.80 

The  magnesium,  which  had  likewise  been  reduced  to  around  0.29  to  0.33 
m.e.  by  acid-producing  fertilizers  was  restored  by  the  liming  materials  used, 
which  contain  small  amounts  of  magnesium. 

Potassium,  sodium,  and  ammonia  seem  not  to  have  been  materially  influ- 
enced by  liming. 

In  only  one  case,  that  of  plot  30  in  tier  2,  is  there  any  marked  excess  of 
calcium  carbonate  over  the  general  average  of  all  the  plots.  In  this  case  we 
have  limed  in  excess  of  the  true  lime  requirement. 

These  treatments  have  restored  the  yields.  It  would  have  been  highly 
instructive  to  see  what  effects  fractional  neutralization  would  have  had  on 
yields  and  on  exchange  complex. 

In  choosing  these  plots  in  tier  1  and  2,  it  was  thought  that  we  might  shed 
some  light  on  the  important  question  of  whether  or  not  all  the  H  must  be 
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replaced  in  the  complex  for  best  results  with  these  crops.  It  was  shown  that 
the  H  was  replaced,  at  least  according  to  the  methods  used,  but  whether  or  not 
smaller  amounts  of  lime  would  give  equal  yields  is  not  demonstrated. 

Comparison  of  nitrogen  carriers.  The  three  nitrogen  carriers,  dried  blood, 
nitrate  of  soda,  and  sulfate  of  ammonia,  each  in  sufficient  quantity  to  carry  72 
pounds  of  nitrogen  per  acre  twice  in  the  rotation  are  compared  with  one  another 
and  with  the  nearest  PK  plots.  In  this  comparison  the  PK  treatments  are 
alike  throughout.  To  show  the  trend  of  the  soil  as  well  as  our  data  permit,  the 
plots  are  arranged  in  table  16  in  the  order  in  which  they  occur  in  the  field. 

The  comparisons  show  that  nitrate  of  soda  has  very  little  effect  upon  the 
exchange  Ca,  Mg,  and  H;  upon  saturation;  or  upon  pH  value.     Dried  blood 

TABLE  16 

A  comparison  of  nitrogen  carriers — Tier  /,  72  pounds  N  per  acre 
(Exchangeable  bases  in  m.e.  per  100  gm.  soil) 


Treatment 

N  carrier 

Year  sampled 

Total  Ca  extract 

Exchange  Ca 

Mg 

K 

Na 

NH* 

H 

Total  exchange  capacity 
Saturation,  per  cent .  .  . . 

pH 

Carbonates 


PLOT  IS 

PLOT  21 

PLOT  25 

PLOT  28 

PLOT  29 

PK 

O 

1931 

NPK 

Blood 
1931 

PK 
0 

1927 

NPK 

Nitrate 
1931 

PK 

0 
1932 

3.82 

1.72 

3.00 

2.91 

2.96 

3.12 

0.92 

3.00 

2.76 

2.96 

0.49 

0.29 

0.48 

0.35 

0.88 

0.46 

0.48 

0.50 

0.48 

0.53 

0.11 

0.14 

0.05 

0.11 

0.48 

0.07 

0.11 

0.21 

0.08 

0.16 

3.75 

7.40 

6.40 

4.20 

4.45 

8.00 

9.34 

10.64 

7.98 

9.46 

53.2 

20.8 

39.9 

47.4 

53.0 

6.35 

5.5 

5.2 

6.0 

6.1 

2.20 

2.10 

2.45 

1.1 

1.3 

PLOT  32 


NPK 

Sulphate 
1931 


0.75 
0.65 

0.31 
0.38 
0.07 
0.07 
8.80 

10.28 
14.5 
4.7 
0.70 


decidedly  increases  acidity,  and  sulfate  of  ammonia  greatly  affects  not  only  Ca 
and  Mg  but  exchange  K  as  well. 

Relation  between  pH  value  and  degree  of  saturation.  The  pH  value  of  a  soil 
is  a  measure  of  the  ratio  between  the  active  cations  and  anions  in  the  soil 
solution,  which  in  turn  are  controlled  by  the  adsorbed  ions.  One  might  expect, 
therefore,  for  any  given  soil,  a  fairly  definite  relationship  between  the  degree  of 
saturation  and  the  pH  value.  Conrey  and  Schollenberger  (16)  obtained  a  fair 
relationship  between  pH  value  and  degree  of  saturation  of  the  various  horizons 
of  the  Claremount  soil  profile.  If  the  data  of  Walker,  Firkins,  and  Brown  (51) 
are  examined  with  this  in  view  a  very  good  correlation  is  found. 

Since  both  values  were  determined  in  this  work  it  was  thought  well  to  plot 
one  against  the  other  to  see  how  close  the  relationship  is  for  this  soil.  Figure  3 
shows  this  relationship  for  degrees  of  saturation  calculated  from  exchange 


hydrogen  as  determined  by  titrating  the  ammonium  acetate  extract,  and  figure 
2  shows  the  relationship  when  exchange  hydrogen  is  determined  by  direct 
titration  of  the  soil  with  Ba(0H)2. 
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Fig.  2.  Relation  Between  pH  and  Saturation 
Exchange  H  by  direct  titration 
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In  both  correlations,  with  one  or  two  exceptions  a  close  relationship  is  shown 
to  exist.  When  exchange  hydrogen  is  determined  by  titrating  the  ammonium 
acetate  extract  it  is  found  that  soils  with  pH  values  of  7.00  are  about  75  per 
cent  saturated;  when,  however,  direct  titration  is  resorted  to,  it  is  found  that 
soils  100  per  cent  saturated  have  pH  values  very  close  to  7.00.  The  writer 
favors  the  latter  method.  It  should  be  mentioned  however,  that  the  deter- 
mination of  exchange  hydrogen  by  titration  of  the  ammonium  acetate  extract 
was  not  performed  exactly  as  recommended  by  SchoUenberger.  The  extrac- 
tion was  not  carried  out  in  the  absence  of  air,  which  might  account  for  higher 
results  with  this  method  than  with  direct  titration  of  the  soil.  However,  the 
writer  has  generally  found  that  normal  ammonium  acetate  becomes  more, 
rather  than  less,  alkaline  on  exposure  to  the  atmosphere. 

SUMMARY 

The  effect  of  cropping,  with  its  crop  removals,  augmented  leaching,  organic 
decay,  and  erosion,  is  brought  out  by  comparing  the  unfertilized  plots  with  the 
adjacent  grass  strips.  Cultivation  has  resulted  in  a  small  decrease  of  exchange- 
able calcium  and  magnesium  without  an  increase  in  exchangeable  hydrogen. 
The  quantity  of  exchange  ammonium  in  the  grass  strips  is  two  to  three  times 
greater  than  in  the  check  plots. 

Barnyard  manure  caused  an  increase  in  total  exchange  capacity,  the  increase 
being  mainly  due  to  replaceable  hydrogen  and  magnesium.  The  quantity  of 
other  ions  is  not  changed. 

On  those  plots  which  have  received  large  amounts  of  lime,  either  as  burnt 
lime  or  as  limestone,  ever  since  the  field  experiment  was  begun,  the  soils  are 
saturated  with  calcium,  a  large  quantity  of  calcium  is  present  as  carbonate,  and 
the  total  exchange  capacity  is  increased.  Replaceable  magnesium  is  also 
higher  on  these  plots,  but  the  other  cations  are  unaffected.  Within  a  few 
weeks  after  lime  is  applied,  whether  it  be  CaO  or  CaCOs,  the  pH  value  becomes 
approximately  8.3  to  8.4.  Immediately  after  liming  with  burnt  lime  the  pH 
value  is  raised  considerably  above  these  values. 

The  continued  use  of  a  mixture  of  superphosphate  and  muriate  of  potash, 
when  compared  with  the  check  plots,  has  resulted  in  an  increase  in  total  ex- 
change capacity.  This  fertilizer  combination  has  decreased  the  replaceable 
calcium  and  increased  the  hydrogen  content.  Magnesium  is  unaffected,  but 
potassium  is  decidedly  increased. 

Superphosphate  alone  caused  neither  increase  nor  decrease  in  calcium  but 
did  increase  exchange  hydrogen.  This  fertilizer  has  resulted  in  a  diminution 
of  magnesium  and  potassium  which  is  believed  to  be  due  to  larger  crop 
removals  than  on  the  check  plots.  Suf)erphosphate  increases  soil  acidity 
slightly. 

When  compared  with  superphosphate,  ground  bone  is  found  to  increase 
replaceable  calcium  and  the  degree  of  saturation  and  to  raise  the  pH  value  of 
the  soil. 
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Dried  blood  has  resulted  in  marked  loss  of  calcium  and  magnesium  with  cor- 
responding increase  in  hydrogen.  The  amount  of  bases  lost  and  of  hydrogen 
gained  is  not  directly  proportional  to  the  quantity  of  blood  used.  It  is  con- 
cluded that  when  soils  become  depleted  of  active  bases  the  stronger  acids  may 
leach  out  as  iron  or  alumina  salts  or  as  free  acids. 

The  sodium  of  nitrate  of  soda  was  not  adsorbed,  and  the  quantity  of  other 
bases  was  not  altered  by  the  use  of  large  amounts  of  nitrate  of  soda.  Hydrogen 
was  reduced  and  the  total  exchange  capacity  diminished  by  from  2  to  3  m.e. 

As  a  result  of  the  use  of  large  amounts  of  sulfate  of  ammonia  over  a  period 
of  50  years  there  has  been  a  marked  decrease  of  calcium  and  magnesium  and  a 
small  loss  of  potassium.  Hydrogen  has  replaced  these  ions  so  that  now  the 
most  acid  plots  are  only  15  per  cent  saturated.  It  is  noteworthy  that,  although 
this  salt  has  reduced  the  quantity  of  three  bases,  Ca,  Mg,  and  K,  the  ill 
effects  are  apparently  overcome  by  lime  alone.  It  is  pointed  out  that  under 
field  conditions  it  is  not  possible  to  determine,  by  calculation,  how  much  lime 
is  needed  to  counteract  the  acidity  produced  by  an  application  of  sulfate  of 
ammonia. 

Muriate  of  potash  appears  to  have  replaced  calcium  by  potassium.  Though 
there  has  been  a  loss  of  calcium  there  has  been  no  gain  in  hydrogen  and  no 
appreciable  change  in  pH  value. 

A  comparison  is  made  between  the  three  most  acid  plots  on  tier  1,  unlimed, 
and  the  corresponding  three  plots  on  tier  2,  limed  in  1921.  This  single  applica- 
tion has  restored  the  calcium  and  magnesium  contents  and  the  yields.  Re- 
placeable hydrogen  has  been  practically  eliminated,  and  the  soils  have  been 
brought  to  approximately  pH  7.00.  Apparently  no  permanent  injury  was 
inflicted  upon  the  soil  as  a  result  of  being  kept  in  such  an  acid  condition  for  so 
long  a  time. 

It  is  concluded  that  when  fertilizer  salts  are  used  in  sufficiently  large  amounts 
and  for  a  sufficiently  long  period  of  time,  they  may,  in  some  cases,  produce 
measurable  and  significant  effects  upon  the  cation  exchange  picture  of  a  soil. 
The  differences  so  produced  may  have  a  profound  influence  upon  the  produc- 
tivity of  a  soil. 

Attention  is  called  to  the  fact  that  errors  in  judgment  may  be  as  serious 
in  interpreting  a  field  experiment  that  has  continued  for  a  very  long  period  as 
in  interpreting  one  that  has  not  continued  long  enough. 

REFERENCES 

(1)  Aarnio,  B.     1927    Influence  of  adsorbed  ions  on  soil  reaction.    Froc.  First  Internatl. 

Cong.  Soil  Sci.  2 :  65-76. 

(2)  Allison,  F.  E.     1931    The  comparative  effects  of  concentrated  nitrogenous  fertilizers 

on  permanent  soil  acidity.    Jour.  Amer.  Soc.  Agron.  23:  878-908. 

(3)  Allison,  F.  E.,  Braham,  J.  M.,  and  MacMurtrey,  J.  E.     1927    Field  experiments 

with  atmospheric  nitrogenous  fertilizers.    U.  S.  Dept.  Agr.  Bui.  1 180. 

(4)  Allison,  F.  E.,  and  Cook,  R.  C.     1917    The  effect  of  ammonium  sulphate  on  soil 

acidity.    Soil  Sci.  3:  507-512. 

(5)  Andre,  G.     1916    Displacement  of  potassium  and  phosphorus  of  certain  rocks  by  some 

fertilizers.    Compt.  Rend.  Acad.  Sci.  (Paris)  162:  133-136. 


(6)  Barber,  H.  H.,  and  Kolthoff,  I.  M.     1928    A  specific  reagent  for  the  rapid  gravi- 

metric determination  of  sodium.    Jour.  Amer.  Chem.  Soc.  50:  1625-1631. 

(7)  Barnette,  R.  M.,  and  Hester,  J.  B.     1930    Influence  of  inorganic  nitrogen  compounds 

on  reaction  and  replaceable  bases  of  Norfolk  sand.    Soil  Sci.  30:  431-437. 

(8)  Baver,  L.  D.     1930    Relation  of  the  amount  and  nature  of  exchangeable  cations  to 

the  structure  of  a  colloidal  clay.    Soil  Sci.  30:  291-310. 

(9)  Bradfield,  R.    1924    The  importance  of  H-ion  concentration  control  in  physico- 

chemical  studies  of  heavy  soils.    Soil  Sci.  17 :  411-412. 

(10)  Bradfield,  R.     1927    The  saturation  capacity  of  colloidal  clay  soils.    Froc.  First 

Internatl.  Cong.  Soil  Sci.  Misc.  Fapers.    4, 5, 6 :  858-868. 

(11)  Bray,  R.  H.    1928    The  quantitative  and  qualitative  determination  of  replaceable 

sodium  in  alkali  and  non-alkali  soils.    Jour.  A mer.  Soc.  A  gron.  20 :  1 160. 

(12)  Burgess,  P.  S.     1922    The  reaction  of  soils  in  the  field  as  influenced  by  the  long  con- 

tinued use  of  fertilizer  chemicals.    R.  I.  Agr.  Exp.  Sta.  Bui.  189. 

(13)  Burgess,  P.  S.     1929    The  so-called  "build  up'*  and  "break-down"  of  soil  zeolites  as 

influenced  by  reaction.    Univ.  Ariz.  Tech.  Bui.  28. 

(14)  Christensen,  H.  R.,  and  Jensen,  S.  T.     1926    On  the  quantitative  determination  of 

lime  requirement  of  soils.     Trans.  Second  Comn.  Internatl.  Soc.  Soil  Sci.  A :  94. 

(15)  Clark,  N.  A.,  and  Collins,  E.  R.     1930    Equilibrium  between  soil  and  electrolytes 

and  its  influence  upon  some  lime  requirement  methods.    Soil  Sci.  30:  417-425. 

(16)  CoNREY,  G.  W.,  AND  ScHOLLENBERGER,  C.  J.     1927    The  effect  of  weathering  on  the 

exchangeable  bases  as  shown  in  the  Clermount  silt  loam  profile.    Froc.  First 
Internatl.  Cong.  Soil  Sci.  2:  227. 

(17)  Crowther,  E.  M.     1925    Studies  on  Soil  Reaction:  V.  The  depth  distribution  of 

reaction  and   flocculation  in  continuously  manured  soils.    Jour.  Agr.  Sci.  15: 
232-236. 

(18)  Crowther,  E.M.,  AND  Basu,  J.  K.     1931     Studies  on  soil  reaction :  VIII.    The  influ- 

ence of  fertilizers  and  lime  on  the  replaceable  bases  of  a  light  acid  soil  after  fifty 
years  of  continuous  cropping  with  barley  and  wheat.    Jour.  A  gr.  Sci.  2 1 :  689-7 16. 

(19)  Fudge,  J.  F.     1928    The  influence  of  various  nitrogenous  fertilizers  on  the  availability 

of  phosphate  and  potassium.    Ala.  Polytech.  Inst.  Bui.  227. 

(20)  Gedroiz,  K.  K.     1931     Exchangeable  cations  of  the  soil  and  the  plant :  I.  Relation  of 

plant  to  certain  cations  fully  saturating  the  soil  exchange  capacity.    Soil  Sci.  32: 
51-64. 

(21)  Hall,  A.  D.,  Russell,  E.  J.     1927    The  Book  of  the  Rothamsted  Experiments,  p.  237. 

E.  P.  Button,  New  York. 

(22)  Hardy,  F.,  and  Lewis,  A.  H.     1929    A  rapid  electrometric  method  for  measuring  the 

lime  requirement  of  soils.    Jour.  Agr.  Sci.  19 :  17. 

(23)  HuMFiELD,  H.     1928    Electrodialysis  of  soils:  III.     Effect  of  different  fertilizer  treat- 

ments of  soils  on  the  bases  and  acids  extracted  by  electro-dialysis.    Jour.  Amer. 
Soc.  Agron.  20:  1141-1159. 

(24)  Kappan,  H.     1926    Ober  Zusammenhange  zwischen  der  Bodenaziditat  und  der  physi- 

ologisch  sauren  Reaktion  der  DUngsmittel.     Trans.  Second  Comn.  Internatl.  Soc. 
Soil  Sci.  1926:  244-248. 

(25)  Kappen,  H.     1927    The  physiological  reaction  of  fertilizers.    Amer.Fert.66:  41. 

(26)  Kelley,  W.  p.,  and  Cummins,  A.  B.     1923    The  formation  of  sodium  carbonate  in 

soils.     Calif.  Agr.  Exp.  Sta.  Tech.  Paper  3. 

(27)  Lemberg,  J.     1876    t)ber  Silicatumivandlungen,  Ztschr.  Deut.  Geol.  Gesell.  28 : 5 19-562. 

(28)  MacIntire,  W.  H.     1919    The  carbonation  of  burnt  lime  in  soils.    Soil  Sci.  7 :  325-443. 

(29)  Magistad,  O.  C,  and  Breazeale,  J.  F.     1928    Base  exchange  in  orthoclase.    Ariz. 

Agr.  Exp.  Sta.  Tech.  Bui.  24. 

(30)  Martin,  J.  C.     1929    The  effect  of  crop  growth  on  the  replaceable  bases  in  some  Cali- 

fornia soils.    Soil  Sci.  17 :  123-136. 


64 


7.  G.  MERKLE 


(31)  Merkle,  F.  G.     1928    The  influence  of  fertilizer  treatments  on  the  content  of  exchange- 

able cations  in  Hagerstown  silt  loam.    Soil  Sci.  26:  377-383. 

(32)  Merkle,  F.  G.     1932    Fiftieth  anniversary  of  the  Jordan  soil  fertility  plots.    Penna. 

Agr.  Exp.  Sia.  Tech.  Bui.  273:  2^34. 

(33)  Metzger,  W.  H.    1929    The  effect  of  moisture  content  and  cropping  on  exchangeable 

calcium  and  magnesium  with  particular  reference  to  rice  soils.    Soil  Sci.  27 :  305- 

318. 

(34)  Milne,  G.     1929    The  cobalt  nitrite  (volumetric)  method  of  estimating  potassium  in 

soil  extracts.    Jour.  Agr.  Sci.  19:  541-552. 

(35)  Page,  H.  J.     1927    The  relation  between  the  state  of  saturation  of  the  soil  and  its 

hydrogen  ion  concentration  with  special  reference  to  the  reaction  of  "physio- 
logically acid"  fertilizers.    Proc.  First  IrUemaU.  Cong.  Soil  Sci.  (by  tide) . 

(36)  Page,  H.  J.,  and  Williams,  W.     1924    Studies  on  base  exchange  in  Rothamsted  soils. 

Trans.  Faraday  Soc.  1924:  573-585. 

(37)  Parker,  F.  W.     1927    The  determination  of  exchangeable  hydrogen  in  soils.    Jour. 

Amer.Soc.Agron.lX:  1030-1039. 

(38)  Parker,  F.  W.     1927    Methods  for  determining  the  amount  and  avidity  of  exchange 

hydrogen  in  soils.    Proc.  First  Inlernatl.  Cong.  Soil  Sci.  2:  164-174. 

(39)  Pennsylvania  Agricultural  Experiment  Station  Annual  Reports  1894, 1901-02, 190f-O8, 

1911-12, 1916-17,  and  Bulletins  146, 175,  and  204. 

(40)  Pierre,  W.  H.    1927    Buffer  capacity  of  soils  and  its  relation  to  the  development  of 

soil  acidity  from  the  use  of  sulphate  of  anunonia.    Jour.  Amcr.  Soc.  Agron.  19: 

332-350. 

(41)  Pierre,  W.  H.     1928    Nitrogenous  fertilizers  and  soil  acidity:  I.  Effect  of  vanous 

nitrogenous  fertilizers  on  soil  reaction.    Jour.  Amer.  Soc.  Agron.  20:  254-269. 

(42)  Pierre,  W.  H.    1928    Nitrogenous  fertilizers  and  soil  acidity:  II.  The  use  of  fertilizer 

combinations,  lime  and  basic  slag  in  correcting  the  acidity  formed  by  various 
nitrogenous  fertilizers.    Jour.  Amer.  Soc.  Agron.  20:  270-279. 

(43)  Pierre,  W.  H.    1931    Acidity  produced  by  sulphate  of  ammonia.    Jour.  Indus,  and 

Engin.  Chem.  23:  1441. 

(44)  Pierre,  W.  R.,  and  Worley,  S.  L.     1928    The  buffer  method  and  the  determination 

of  exchangeable  hydrogen  for  estimating  the  amounts  of  lime  required  to  bring 
soils  to  definite  pH  values.    Soil  Sci.  26:  363. 

(45)  Ravikovitch,  S.    1930    Exchangeable  cations  and  lime  requirement  in  differentiy 

fertilized  soils.    5(H75ct.30:  79-95. 

(46)  ScHOLLENBERGER,  C.  J.     1927    Exchangeable  hydrogen  and  soil  reaction.    Science 

65:  552-553. 

(47)  SCHOLLENBERGER,  C.  J.,  AND  Dreibelbis,F.R.     1930    Effect  of  Cropping  with  vanous 

fertilizers,  manure  and  lime  treatments  upon  the  exchangeable  bases  in  plot  soils. 
Soil  Sci.  29'.  371-394. 

(48)  SCHOLLENBERGER,  C  J.,  AND  Dreibelbis,  F.  R.    1930    Analytical  methods  in  base 

exchange  investigations  in  soils.     Soil  Sci.  30:  161-173. 

(49)  Sharp,  L.T.,  AND  HoAGLAND,D.R.     1916    Acidity  and  adsorption  in  soils  as  measured 

by  the  hydrogen  electrode.    Jour.  Agr.  Res.  7:  123-145. 

(50)  TiEDjENS,  V.  A.,  AND  RoBBiNS,  W.  R.     1931    The  use  of  ammonia  and  nitrate  nitrogen 

by  certain  crop  plants.    N.  J.  Agr.  Exp.  Sta.  Bui.  526. 

(51)  Walker,  R.  H.,  Firkins,  B.  J.,  and  Brown,  P.  E.     1931    The  measurement  of  tiie 

degree  of  saturation  of  soils  with  bases.    Iowa  Agr.  Exp.  Sta.  Res.  Bui.  139. 

(52)  Way,  J.  T.     1852    On  the  power  of  soils  to  adsorb  manure.    Jour.  Roy.  Agr.  Soc.  13: 

123-143. 

(53)  White,  J.  W.    1931    The  effect  of  ammonium  sulphate  on  soil  reaction.    Jour.  Amer. 

Soc.  Agron.  23:  871-877. 

(54)  Wilson,  B.  D.     1930    Exchangeable  calcium  and  potassium  in  soils  as  affected  by 

cropping  and  fertilizing.    Soil  Sci.  29:  91-100. 


>l 


